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ABSTRACT
 
Currently, at California State University San
 
Bernardino (CSUSB), when students need to read student
 
projects/theses, they have to borrow hard copies of the
 
projects/theses from the Pfau library. Since the library
 
has only limited hard copies of projects/theses, not every
 
student is able to borrow the hard copies needed at that
 
time. The students are required to return the hard copies
 
on a certain due date. In addition, the Department of
 
Computer Science at CSUSB does not have a Web-based library
 
for faculty research papers.
 
The Web-based Library for Student Projects/Theses and
 
Faculty Research Papers is a Web application developed for
 
the Department of Computer Science at CSUSB to manage
 
student projects/theses and faculty research papers. The
 
project is designed in accordance with Model-View-

Controller (MVC) design pattern using the Jakarta Struts
 
framework and iBATIS Data Mapper framework from Apache
 
Software Foundation, JavaServer Pages (JSP), and MySQL
 
database. The Web-based library is a user friendly and
 
reliable system which can be accessed quickly and
 
efficiently at anytime from anywhere. Users who have
 
Linux, Macintosh, or Windows machines with modern Web
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browsers such as Mozilla's Firefox and Internet connections
 
are able to access this Web-based library to upload and
 
share their PDF projects/theses and research papers with
 
other users.
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CHAPTER ONE
 
INTRODUCTION
 
1.1 Background
 
Web-based Library for Student Projects/Theses and
 
Faculty Research Papers was designed for the Department of
 
Computer Science at CSUSB to manage student projects/theses
 
and faculty research papers. This Web-based library
 
project is designed and implemented in accordance with
 
Model-View-Controller (MVC) design pattern using the
 
Jakarta Struts framework and iBATIS Data Mapper framework
 
from Apache Software Foundation, JavaServer Pages (JSP),
 
and MySQL database.
 
1.2 Purpose of Project
 
The purpose of this project is to develop a Web-based
 
library for student projects/theses and faculty research
 
papers using the Jakarta Struts framework and iBATIS Data
 
Mapper framework from Apache Software Foundation,
 
JavaServer Pages, and MySQL database. The library provides
 
paperless document collections. The Web-based library can
 
be accessed quickly and efficiently at anytime from
 
anywhere. Users who have Linux, Macintosh, or Windows
 
 machines with modern Web browsers such as Mozilla's Firefox
 
and Internet connections are able to access this Web-based
 
library to upload and share their PDF projects/theses and
 
research papers with other users.
 
1.3 Products of Project
 
The products of the project delivered are as follows:
 
• A Web-based library for student projects/theses and
 
faculty research papers: a Web-based library for
 
students and faculty of the Department of Computer
 
Science at CSUSB which is used to upload and share PDF
 
projects/theses and research papers.
 
• System documentation: a document which consists of
 
system architecture and specifications, database
 
design, product implementation and testing.
 
CHAPTER TWO
 
SYSTEM ARCHTTECTURE
 
The Web-based library is a three-tier system
 
architecture which consists of user interface, application
 
logic, and database layers. Since each layer is
 
independent of the other layers, the three-tier system
 
architecture is flexible and easy to maintain. To
 
implement the Web-based library system, we need a Web
 
server, a database server, and a Web browser. This Web-

based library employs Apache Tomcat version 5.0 as a Web
 
server and Java servlet container. MySQL database version
 
5.0 is used as a database server. Users of the Web-based
 
library may use MozilTa's Firefox version 2.0.0.7 or later
 
and Microsoft's Internet Explorer 6.0 SP2 or later.
 
Communication between Web browsers and a Web server is via
 
Hypertext Transfer Protocol (HTTP) or HTTP Secure (HTTPS).
 
The Web server communicates with the database server via
 
Java Database Connectivity (JDBC).
 
 Web Server(Apache TorYtcatt
 Database Server
 
JDBC
 
I .' I MySQL Database
Web Application

OA/eb-based library) rp
 
HTTP/HTTPS
 
Client
 
Web Browser
 
€±3
 
Figure 2.1. System Deployment Diagram
 
2.1 Hardware Interfaces
 
The Web-based library was developed using Java
 
programming language. Java programming language is
 
)
 
platform independent; so that, the Web-based library can
 
use Linux or Windows operating systems which manage system
 
hardware. The Web-based library does not need specific
 
hardware interface. The only requirement is a server with
 
a 100/1000 Megabit/s network card connected to the
 
Internet. It is recommended to have a dedicated server
 
with Intel Pentium 2 GHz or faster or AMD equivalent
 
processor, 1 GB or more RAM, 120 GB or bigger hard drive.
 
  
 
 
 
 
 
 
 
and 100/1000 Megabit/s network card. A user needs a
 
computer with a network card or a modem connected to the
 
Internet to access the Web server.
 
2.2 Software Interfaces
 
All software components used in this project, except
 
Microsoft's Windows XP operating system, are open source.
 
The following is a list of software components used in this
 
project:
 
• Operating Systems: Microsoft's Windows XP or Linux.
 
• Java Compiler: J2SDK 1.4.2.12.
 
• Web Server/servlet container: Apache Tomcat 5.0.28.
 
• MVC framework: Jakarta Struts 1.2.
 
• Data Mapper framework: iBATIS Java 2.2.0.
 
• Java Database Connectivity (JDBC): MySQL connector
 
3.1.13.
 
• Database Server: MySQL 5.0.19.
 
• Web Browser: Mozilla's Firefox version 2.0.0.7. and
 
Microsoft's Internet Explorer 6.0 SP2.
 
• Java Technologies: JavaServer Pages Standard Tag
 
Library (JSTL) 1.1, JSP 2.0, servlet 2.4, Display Tag
 
1.1.
 
 • Web Technologies: HyperText Markup Language (HTML)
 
4.01, JavaScript, Cascading Style Sheets (CSS), Secure
 
Sockets Layer (SSL).
 
Software development tools used in this project are
 
Eclipse 3.1 and Apache Ant 1.6.5. The Eclipse in Action ­
A Guide for Java Developers (p. 5) stated that Eclipse is
 
an open source integrated development environment (IDE)
 
developed by IBM and donated to a consortium of software
 
development companies, Eclipse.org [1]. The Java
 
Development with Ant (p. 22) stated that Apache Ant
 
(Another Neat Tool) is a Java-based tool that can build,
 
test, and deploy Java projects ranging in size from the
 
very small to the very large; and Ant uses XML build files
 
to describe what to build [2]. Both Eclipse and Apache Ant
 
are invaluable tools which enable software developers to be
 
more productive.
 
CHAPTER THREE
 
PROJECT FRAMEWORKS
 
A framework is a reusable design for a software system
 
or its components. Also, a framework is an object-oriented
 
design, and it facilitates reuse of object-oriented
 
libraries [3].
 
A framework is further defined by the Taxonomy of Java
 
Web Application Frameworks as:
 
A framework may include support programs, code
 
libraries, a scripting language, common services,
 
interfaces, or other software packages/utilities to
 
help develop and glue together the different
 
components of a software application.
 
(Introduction, p. 378) [4]
 
Frameworks enhance software developer productivity by
 
reducing development time. Moreover, by using the
 
frameworks, software developers are able to focus more on
 
problem solving. Since frameworks employ standard
 
technologies, Web applications built With frameworks have
 
industrial-strength quality.
 
This Web-based library project is designed and
 
implemented in accordance with Model-View-Controller (MVC)
 
 design pattern using Jakarta Struts framework and iBATIS
 
Data Mapper framework from Apache Software foundation.
 
There are advantages of building a Web application using
 
the Jakarta Struts framework and iBATIS Data Mapper
 
framework.
 
3.1 Model-View-Controller Design Pattern
 
A design pattern is described by the Designing
 
Enterprise Applications with the J2EE Platform as:
 
. . . a proven solution to a recurring design problem.
 
Design patterns leverage the knowledge and insights of
 
other developers. They are reusable solutions for
 
common problems. Design patterns address individual
 
problems, but they can be combined in different ways
 
to achieve a solution for an entire system.
 
(J2EE Design Patterns) [5]
 
MVC design pattern is an established design pattern for Web
 
application development. The MVC design pattern organizes
 
objects by their functions to maintain loose-coupled object
 
integration. Figure 3.1 shows MVC design pattern. Table
 
3.1 summarizes the three main components of MVC.
 
 stale State 
Query ♦ Chongc 
Change 
Notification 
View Selection
 
UserGestures
 
Method Invocations
 
Events
 
(reproduced from [5])
 
Figure 3.1. Model-View-Controller Architecture
 
  
Table 3.1. Summary of Model-View-Controller Components
 
Summary of MVC components
 
Purpose Descrip-tion 
Model Maintain data Business logic plus one or 
more data sources such as 
a relational database 
View Display all or The user interface that 
a portion of displays information about 
the data the model to the user 
Con-broiler Handle events The flow-control mechanism 
that affect means by which the user 
the model or interacts with the 
view application 
(reproduced from [6])
 
The Designing Enterprise Applications with the J2EE
 
Platform further explained the three layers of MVC design
 
pattern as:
 
• A model represents business data and business logic or
 
operations that govern access and modification of this
 
business data.
 
• A view renders the contents of a model. It accesses
 
data from the model and specifies how that data should
 
be presented. It updates data presentation when the
 
model changes. A view also forwards user input to a
 
controller.
 
• A controller defines application behavior. It
 
dispatches user requests and selects views for
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presentation. It interprets user inputs and maps them
 
into actions to be performed by the model. In a Web
 
application, they are HTTP GET and POST requests to
 
the Web tier. A controller selects the next view to
 
display based on the user interactions and the outcome
 
of the model operations.
 
(J2EE Design Patterns) [5]
 
The three layers are loosely coupled to provide several
 
advantages as follows:
 
• Maintenance of a Web application is easier because
 
there is a clear separation among objects by their
 
functions.
 
• Modification of Web application components, such as
 
using new presentation technology or adding a new
 
object-relational mapping component, is more flexible
 
because of a clear separation among objects by their
 
functions.
 
Division of Web application development work is easier
 
to accomplish. Development work can be distributed
 
among different programmers with specialized skills
 
working on the model, view, and controller layers.
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3.2 JavaServer Pages Model 2
 
Architecture
 
Figure 3.2 shows the JSP Model 2 architecture which
 
employs both servlets and JavaServer Pages (JSP). The
 
Model 2 architecture is an implementation of MVC design
 
pattern and is recommended for most Web applications. The
 
servlet functions as a controller of MVC design pattern.
 
View component of MVC design pattern consists of JSP.
 
JavaBeans are used as a model component of MVC design
 
pattern. Every HTTP(s) request by a Web browser is
 
processed by the controller servlet. Moreover, the
 
controller servlet executes the business logic and data
 
access code, creates JavaBean objects as results used by
 
JSP, and decides to forward which JSP to present the result
 
to the request [7].
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Figure 3.2. JavaServer Pages Model 2 Architecture
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3.3 Jakarta Struts Framework
 
s
 
Jakarta Struts framework is important in a distributed
 
M
 
*
 
I
 
system because it simplifies Web application development.
 
In addition. Struts framework includes Jakarta Commons
 
(reusable Java components) such as FileUpload and Validator
 
which are crucial for developing feature rich Web
 
applications. Struts Framework is an implementation of the
 
Model 2 architecture in accordance with the MVC design
 
pattern. Since Struts framework employs standard
 
technologies, Web applications built with Struts framework
 
have industrial-strength quality. Struts framework is a
 
request based framework which extends the Ja.va servlet API.
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The Struts controller consists of ActionServlet,
 
RequestProcessor, ActionForward, ActionMapping, ActionForm
 
objects, and Action objects. The Struts controller
 
processes all Web browser requests. Figure 3.3 shows
 
Struts model, view and controller components. Building
 
Struts application involves creating user-defined classes
 
which extend Struts Action, ActionForm, and ValidatorForm
 
classes. Figure 3.4 shows Struts implementation of the
 
Model 2 architecture in accordance with MVC design pattern.
 
Sekver
 
Web CoNrAiNEB
 
HTTP Request
 
ACTION 
SERVLET CORBA 
CtiENT 
{ WTKANET i 
HTTP Response 
REQUEST 
PROCESSOR 
JOO 
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etc. 
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resource bundles 
Bnowsen }——^ 
ACTION MODEL 
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_I 
web.xml 
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JAVA 
aEANS 
CONNECTION 
POOt 
"1 1 
SS 
TAOS 
JSP L— JAVA 
SCRIPT 
n t 
j 
LEOACT I ORACU 
ViCW ^TABASE iBAfASASIl 
(reproduced from [9])
 
Figure 3.3. The Struts Architecture
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Figure 3.4. How Model-View-Controller Maps into Struts
 
Struts view component may use any Java presentation
 
technology. Many Java developers employ JSP with the
 
JavaServer Pages Standard Tag Library (JSTL)- and Struts
 
tags as a Struts view component, whereas others use
 
JavaServer Faces (JSF).
 
Struts framework does not provide its model component.
 
Java developers are free to use any model implementation
 
such as JavaBeans (Plain Old Java Object - POJO) and iBATIS
 
Data Mapper framework.
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Figure 3.5 shows Struts controller sequence diagram.
 
The sequence diagram describes interactions among Struts
 
controller objects to respond to an HTTP POST request.
 
Struts Controller ReouestProcessor	 BusinessDeleaate Helper XAew
 
ActionSeivlet RequestProcessor	 UserOelegate HelperBean )Sp
 
1
 
1. doPostO veld f/sjsmilfe form
 
1 1 processO:void
 
Acttonform
 
1.1.1; creates if necessary DynaActionForm
 
TT"
 
.2 processPopulateOvoid	 I
 
I
 
1.1.3: vaiidateOActionErrors
 I
 
"D
 
Action I
 
UserAction	 I
 
I
 
I
 
I
 
1.1 .4.1 get(String),Dbject
 
1.1.4.2: businessfi/fethodis O:void
 
I: populateO:|^id Tl 
1.1.4.4 forwards11. U 
—r— 
I 2 getOata 
D 
j 3: geff'ropemes 
0­ TJ 
ii Struts Controller 3 encapsulates Business logic 
and access Model 
T\ Value Oblect bean bx 
I holds the data required I j bythe screens I 
(reproduced from [11])
 
Figure 3.5. Struts Sequence Diagram
 
3.4 iBATIS Data Mapper Framework
 
iBATIS is a component framework for object-relational
 
mapping. iBATIS enables developers to map JavaBean objects
 
(the model component of MVC design pattern) to SQL
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statement parameters and output. Figure 3.6 shows IBATIS
 
framework. JavaBean, Map, or primitive class types can be
 
used for both parameter and result objects. iBATIS
 
framework performs procedures to manipulate a relational
 
database system [12] as follows:
 
1. Instantiate a SQL prepared statement.
 
2. Set SQL statement parameters using data from the
 
parameter objects.
 
3. Execute the SQL prepared statement.
 
4. Create a result object from the SQL result set.
 
Parameter Object Result Object
 
(Input) SqIMap. SqIMapConfig.xml I SqIMap. (Output)
 
xml I xml
 
JavaBean
I JavaBean
 
SQL Map
 CMap
Map Mapped Mapped Mapped
 
(HasnMap, (HashMap,
Statemen Statemen Statemen
 
TreeMap...) TreeMap...)
 
Mapped Mapped Mapped
 
Statemen Statemen Statemen
 
f "Primitive" "Primitive"
 ( (Integer, (integer,
 
V String..,; String...)
Mapped Mapped Mapped
 
Statemen Statemen Statemen
 
XML XML
 
JDBC
 
(reproduced from [12])
 
Figure 3.6. The iBATIS Framework
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CHAPTER FOUR
 
DATABASE DESIGN
 
4.1 Data Analysis
 
Data analysis is based on use case diagrams (see
 
Figures 6.1, 6.2, and 6.3). The use case diagrams describe
 
specific functions available for students, faculty, and a
 
user administrator. The following requirements are derived
 
from the use case diagrams:
 
• Each student creates only one project/thesis.
 
• Each project/thesis is written by only one student.
 
• Each project/thesis has many committee members.
 
• Each committee member advises many projects/theses.
 
• Each faculty member authors many research papers.
 
• Each research paper can be authored by many faculty
 
members.
 
• Each user administrator manages many student/faculty
 
accounts.
 
• Each student/facuity account is managed by only one
 
user administrator.
 
The following entity relationships are also found:
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• A One-to-One (1:1) relationship exists between the
 
student entity and project/thesis entity.
 
• A Many-to-Many (M:N) relationship exists between the
 
project/thesis entity and committee member entity.
 
• A Many-to-Many (M:N) relationship exists between the
 
faculty entity and research paper entity.
 
• A One-to-Many (1:M) relationship exists between the
 
user administrator entity and faculty/student entity.
 
4.2 Database Schema Conceptual Model ­
Entity Relationship Diagram
 
The entity relationship (E-R) model is a data modeling
 
tool employed in database design to abstract real-world
 
objects and their complex relationships. CS_USER entity on
 
the Web-based library Entity Relationship (E-R) diagram
 
consists of three role names. The role names are student,
 
faculty, and user administrator. Each role name is
 
included on the E-R diagram to clarify three distinct
 
relationships as follows:
 
• Student entity creates the project/thesis entity.
 
• Faculty entity authors the research paper entity.
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 • User administrator entity manages the faculty and
 
student entity.
 
User_type attribute of CS_USER entity accepts only three
 
different values which are admin, faculty, and student.
 
The values reflect three different user types of CS_USER
 
entity.
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4.3 Data Type and Details
 
Web-based library database schema has been normalized
 
to the third normal form for achieving good database
 
design. Description of each database table is as follows:
 
Table 4.1. Description of cs user 
Field Type Null Key Default Extra 
user id 
user name 
user password 
user type 
user prefix 
user fname 
user_mname 
user Iname 
user_email 
mediumint(8) unsigned 
varchar.(25,) 
varchar(25) 
enum('admin', * faculty', 
'student') 
enum('Ms.','Mr.','Dr.') 
varchar(25) 
varchar(25) 
varchar(25) 
varchar(25,) 
NO 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
PRI 
UNI 
auto increment 
Table 4.2. Description of cs_user_has_research_paper
 
Field Type Null Key Default Extra
 
cs user user id mediumint(8) unsigned NO PRI
 
research paper rpdoc id mediumint(8) unsigned NO PRI
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Table 4.3. Description of research paper
 
Field Type Null Key Default Extra 
rpdoc id mediumint(8) 
unsigned NO PRI 
auto_in 
crement 
rpdoc title varchar(255) NO 
rpdoc_abstract text NO 
published date date YES 
rpdoc_avai1ab1e enum( * true', * false * ) NO 
submit date timeStamp YES CURRENT_TIMESTAMP 
file name varchar(50) YES UNI 
file path varchar(150) YES 
file_size mediumint(8) 
unsigned YES 
Table 4.4. Description of project_thesis
 
Field Type Null Key Default Extra
 
auto in

mediumint(8)
ptdoc_id NO PRI crement

unsigned
 
mediumint(8)

cs_user user id NO UNI
 
unsigned
 
enum( * M.S.
 
ptdoc type project','M.S. NO
 
thesis')
 
ptdoc_title varchar(255) NO
 
ptdoc_abstract Text NO
 
present date Date NO
 
ptdoc available enum('true','false') NO
 
submit date Timestamp YES CURRENT_TIMESTAMP
 
file name varchar(50) YES UNI
 
file path varchar(150) YES
 
mediumint(8)

file size YES

unsigned
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Table 4.5. Description of project_thesis has coraiti member
 
Field Type Null Key Default Extra 
project thesis ptdoc id mediumint{8) unsigned NO PRI 
comm^member comin id mediumint(8) unsigned NO PRI 
Table 4.6. Description of comm member
 
Field Type Null Key Default Extra
 
coinin id mediumint(8) unsigned NO PRI auto in 
crement 
comin_prefix enum(*Dr.', * Prof.') YES 
comm fname varchar(25) NO 
comm__mname varchar(25) YES 
comm Iname varchar(25) NO 
member_title enum('Advisor','Committee Member')NO
 
member type enum('CSCI','NON_CSCI') NO
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 CHAPTER FIVE
 
SECURITY
 
Web application security is a crucial issue in this
 
project development. Basic security requirements, such as
 
user authentication and authorization using login and
 
logout functions, are employed in the Web-based Library
 
system. In addition, the following sections discuss
 
security measures applied to the system.
 
5.1 Secure Sockets Layer Encryption
 
The Professional Apache Tomcat 5 defines Secure
 
Sockets Layer (SSL) as:
 
. . . a protocol that enables secure communication
 
between clients and servers in a network environment.
 
Originally developed by Netscape, it has since been
 
adopted as an Internet standard. SSL enables the
 
.encryption of traffic between the client and the
 
server, and also provides an authentication mechanism.
 
The security protocols on which SSL is based are
 
public key encryption and symmetric key encryption,
 
(p. 362) [13]
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Web-based Library for Student Projects/Theses and Faculty
 
Research Papers system uses SSL to secure data transmission
 
between Tomcat server and client Web browsers. Java Secure
 
Socket Implementation (JSSE) is employed to generate
 
certificate keystore, and Tomcat server is configured with
 
certificate keystore to enable SSL. In addition, to always
 
enable secure data transmission over HTTPS, CONFIDENTIAL
 
transport-guarantee level attribute will be added on the
 
application web.xml file.
 
5.2 Customized Struts Request Processor
 
Struts Request Processor class is part of Struts
 
controller that processes all requests for the application
 
resources. A customized Struts request processor is
 
created to restrict all requests from users to registered
 
user login, sign up for an account, and forgotten passwords
 
or user names pages. Moreover, a user who has already
 
logged in or signed up successfully with a valid session
 
object is allowed to continue with other requests. If a
 
user does not have a valid session object, she or he will
 
be redirected to registered user login page to login again.
 
5.3. Session Expiration
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since HTTP is a stateless protocol, each client of a
 
Web application is recognized by a unique session
 
identifier. Session timeout can be used as a security
 
measure. When a session timeout which is a period of
 
inactivity occurs, sessions are destroyed, and users are
 
redirected to the login page. Default Tomcat session
 
timeout is 30 minutes. For a reasonably short period of
 
inactivity, session timeout can be set to 10 minutes.
 
5.4. Resource and Firewall Protection
 
Proper implementation of Model-View-Controller (MVC)
 
design pattern should allow access to the controller part,
 
but client Web browsers cannot access the view part which
 
consists of JavaServer Pages (JSP) directly by typing their
 
Uniform Resource Locators (URLs). Only action servlets as
 
parts of controller can forward JSP to Web browsers. To
 
protect JSP and PDF files from direct access by client Web
 
browsers, all JSP and PDF files should be placed under WEB­
INF directory. It is highly recommended to run a Tomcat
 
server behind a firewall. If a Tomcat server runs behind a
 
router with a firewall, the port forwarding function of the
 
router must be configured to forward incoming HTTP and
 
HTTPS requests to the server.
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CHAPTER SIX
 
PROJECT IMPLEMENTATION
 
6.1 Use Case Diagram
 
Web-based Library for Student Projects/Theses and
 
Faculty Research Papers system is designed to have three
 
types of users. They are students, faculty members, and a
 
user administrator. The following use case diagrams
 
describe specific functions available for each user type.
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Figure 6.1. Student Use Case Diagram
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Figure 6.2. Faculty Use Case Diagram
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Figure 6.3. User Administrator Use Case Diagram
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6.2 Activity Diagram
 
'The Jakarta Struts framework is based on Model-View-

Controller (MVC) design pattern; so that, it provides
 
flexible and extensible system implementation. An activity
 
diagram describes detailed interactions between a user and
 
a system [14]. Moreover, the activity diagram enables
 
software engineers to understand system requirements by
 
describing exactly how the user uses the system and how the
 
system responds [14].
 
Figure 6.4 is a user login and registration activity
 
diagram. According to the diagram, initially the system
 
presents a login page and requires all registered users
 
(students, faculty members, and a user administrator) to
 
log in. In addition, new users (students and faculty
 
members) are required to register before using the system.
 
User input data is validated using Struts validator, and an
 
error message is presented for each invalid input data.
 
Upon successful login or registration, a Welcome page for
 
each user type is presented. Figure 6.5 is an edit user
 
profile activity diagram for all users. Figure 6.6 is an
 
add project/thesis activity diagram for students which
 
describes precisely the requirements starting from entering
 
project/thesis information to uploading a PDF file.
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Figure 6.4. User Login and Registration Activity Diagram
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Figure 6.5. Edit User Profile Activity Diagram
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6.3. Class Diagram
 
This Web-based library project is designed and
 
implemented in accordance with MVC design pattern using the
 
Jakarta Struts framework and iBATlS Data Mapper framework
 
from Apache Software foundation. Struts framework is
 
chosen [9] for the following reasons:
 
• It is an implementation of MVC design pattern.
 
• It is an open source framework for creating Web
 
"applications.
 
• It supports the file upload function by including the-

Jakarta Commons FileUpload component.
 
• It has the Jakarta Commons Validator component to
 
validate user input data.
 
• It is stable, flexible, and extendable.
 
• It has large user community.
 
Figure 6.7 illustrates a Struts class diagram which
 
implements the MVC design pattern. Struts
 
RequestProcessor, ActionServlet, and Action classes are
 
parts of the controller of the MVC design pattern.
 
Building Struts application involves extending Struts
 
Action, ActionForm, and ValidatorForm classes; configuring
 
Struts configuration file (struts-config.xml) and validator
 
36
 
configuration file (validation.xml). For details on the
 
application subclasses of Struts Action class, see Figure
 
6.8. In addition. Figure 6.9 shows the application
 
subclasses of Struts ActionForm and ValidatorForiti classes.
 
This Web-based library project uses a relational
 
database system to persist application data. The
 
application subclasses of Struts Action class use
 
application data access objects (DAO) and application
 
transfer objects (TO) to access application data, and
 
application data access objects use application transfer
 
objects to move data to and from the application subclasses
 
of Struts Action class (See Figure 6.7).
 
Data Access Object (DAO) pattern is employed to
 
abstract and encapsulate all access to the data source.
 
The DAO manages the connection with the data source such as
 
MySQL relational database system to obtain and store data
 
[15], The Core J2EE Patterns: Best Practices and Design
 
Strategies explained more about DAO as follows:
 
The business component that relies on the DAO uses the
 
simpler interface exposed by the DAO for its clients.
 
The DAO completely hides the data source
 
implementation details from its clients. Because the
 
interface exposed by the DAO to clients does not
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change when the underlying data source implementation
 
changes, this pattern allows the DAO to adapt to
 
different storage schemes without affecting its
 
clients or business components. Essentially, the DAO
 
'acts as an adapter between the component and the data
 
source. (Core J2EE Pattern Catalog) [15]
 
iBATIS Data Mapper framework is selected in this
 
project to access application data stored in the MySQL 
relational database system [12] for the following reasons: 
• ■It is an open source framework for accessing 
relational databases. 
•	 It allows you to create your own SQL statements. 
Thus, you are in charge of your SQL statements. You 
have the full power of SQL statements to manipulate a 
"relational database system. 
•	 It increases your productivity by reducing the amount 
of Java code you write to access a relational database 
system. The objective of using iBATIS is to provide 
80 percent of JDBC functionality using only 20 percent 
•of the code. 
•	 iBATIS is simple. iBATIS maps JavaBeans (Plain Old 
Java Object) to SQL statements using a XML descriptor. 
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 Figure 6.10 and 6.11 show iBATIS DAO class diagram and
 
transfer object class diagram. Both DAO and TO class
 
diagrams are parts of the model of the MVC design pattern.
 
RequestProcessor
 
-actions; HashMap
 
#servlet; ^ ctionServlat
 Action
ia^PConfla; mp^llcationConfiq
 
->
 
#pro6essMappingC): ActionHapping #saveE3Li.ors(3 void
 #process2^ctionForin(): tetionForm [HttpServlet
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iprpcejssj^dtxonFerfo^^ ActionForward
 I
 
AppHcationAetion
 
1
 
ActionServlet
 
Applxcatxon .ttBE.!»i;es!gQr;..RequestProcessor
 
Configuration +initCJ: void
 
•fdoGetO: void
 AppiicationDao

+doFostC): void
 
Uprooesin; void
 
1"
 I
 
AppllcationTO
ActionForwardl ActionMappIng
 
j ActionForm
 
j#servlet; aetionServlet AppHcationForm
 
^validate ; kctionErrors
 
Figure 6.7. Struts Class Diagram
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GetRPAction
 
-{-execute (): PtctionForward
 
GetUserAction 
+execute(5: ActionForward 
LoginAction 
-{♦execute (Y: P.ctionForward 
LogoutAction 
+execute{); ActionForward 
ParamAction
 
-{-execute O ; ii®^CtionForward
 
RPListAction 
-{-execute n: ActionForward 
Figure 6.8. Action Class Diagram 
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Figure 6.9. Action Form Class Diagram
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«interface»
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Figure 6.10. Data Access Object Class Diagram
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«Serializable»
 «Serializable» 
CommMemberTO
 PTSearchResultTO 
-commid: Integer

■comtnPrefix: String 
«Seriali2able»•conttnFnanie: String
•comnMname; String ResearehPaperTO
-connniiname; String
■memberTitle: 	String 
«SerxaLi2able»| 
RPDetaHTO 
«seriali2able» 
CsUserHasResearchPaperKevTQ «Serializable» 
RPSearchResultTO 
«Serializable» 
«Serializable»CsUserTO 
SearchPTTO 
<<Serializable» 
«Serial1zable» 
SearchRPTO 
«Seriali2able» 
«Serializable»ProlectThesisTO 
SearohUserTO 
«serializable» 
PTDetailTO 
Figure 6.11. Transfer Object Class Diagram 
6.4 User Interfaces 
Cascading Style Sheets (CSS) page layout is used for 
the entire Web pages. The CSS 	page layout creates uniform 
and consistent Web pages. The 	layout consists of header, 
main menu, content, and footer sections. 
6.4.1 System Authentication and New User Registration 
Registered user login page is a starting point of the 
Web-based library system (Figure 6.12) . Every user. 
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regardless of her or his user type (student, faculty, or
 
user administrator), is required to log in. Recommended
 
Web browsers and PDF software information is also provided
 
on the login page.
 
Each user is required to provide her or his valid user
 
name and password to login. User name and password entered
 
by a user are validated. Figures 6.13 and 6.14 show
 
required input and invalid input error messages for login
 
action. Also, there are links to new user registration and
 
forget user name or password pages on the login page.
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This error message also informs a new user (students
 
or faculty members) to sign up for an account.
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6.4.2 Student
 
When a student has logged in successfully into the
 
Web-based library system, a student welcome page is
 
displayed. Student specific function information is also
 
provided on the welcome page (Figure 6.18). A student may
 
perform the following functions:
 
• Register as a new user (Figures 6.15 - 6.17)
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• Edit user profile (Figures 6.19 - 6.21)
 
• Search and download projects/theses (Figures 6.41 ­
6.47)
 
• Search and download research papers (Figures 6.57 ­
6.58)
 
• Add project/thesis (Figures 6.22 - 6.23)
 
• Edit project/thesis (Figures 6.24 - 6.25)
 
• Delete project/thesis (Figures 6.26 - 6.27)
 
• Upload a PDF file (Figures 6.28 - 6.31)
 
• Delete a PDF file (Figures 6.32 - 6.34)
 
• Add CSCI coininittee members (Figures 6.35 - 6.37)
 
• Add non CSCI committee members (Figures 6.38 - 6.39)
 
• Delete committee members (Figures 6.40)
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available for both students and faculty members. 
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presses the Upload File button without selecting a PDF 
file. 
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a user uploads a non-PDF file.
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A "Delete existing file" error message is displayed if 
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has an existing PDF file stored in the system. 
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When a student selects Manage Committee Members from
 
the menu, a Committee Member Information page is presented.
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Figure 6.36. Computer Science Faculty Ccmmittee Member Menu 
When the Web-based library system is started, it 
initializes the CSCI Faculty Ccmmittee Member drop down 
menu with data read from the database system. 
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The result table on the search projects/theses page 
displays the first five documents found. The table Is 
configured to display five results per page. Since there 
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see the results. A user may read each document description 
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user can download the available PDF documents by clicking 
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6.4.3 Faculty
 
When a faculty member has logged In successfully Into
 
the Web-based library system, a faculty welcome page Is
 
displayed. Faculty specific function Information Is
 
provided on the welcome page (Figures 6.48). A faculty
 
member may perform the following functions:
 
• Register as a new user (Figures 6.15 - 6.17)
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• Edit user profile (Figures 6.19 - 6.21)
 
• Search and download projects/theses (Figures 6.41 ­
6.47)
 
• Search and download research papers (Figures 6.57 ­
6.58)
 
• Add research papers (Figures 6.49 - 6.51)
 
• Edit research papers (Figures 6.54 - 6.56)
 
• Delete research papers (Figures 6.52 - 6.53)
 
• Upload a PDF file (Faculty file upload user interfaces
 
are similar to student file upload interfaces on
 
Figures 6.28-6.31)
 
• Delete a PDF file (Faculty file upload user interfaces
 
are similar to student file upload interfaces on
 
Figures 6.32 - 6.34)
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6.4.4 User Administrator
 
When a user administrator has logged in successfully
 
into the Web-based library system, a user administrator
 
welcome page is displayed. User administrator specific
 
function information is provided on the welcome page
 
(Figures 6.59). A user administrator may perform the
 
following functions:
 
• Edit user profile (Figures 6.19 - 6.21)
 
• Search and download projects/theses (Figures 6.41 ­
6.47)
 
• Search and download research papers (Figures 6.57 ­
6.58) y ,
 
• Search and delete users (Figures 6.60 - 6.65)
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 CHAPTER SEVEN
 
SYSTEM VALIDATION
 
Software is an intangible and complex product.
 
Software testing is a required process in software
 
development to verify that a software product meets its
 
design requirement specification and end user expectations,
 
Moreover, software testing improves software quality and
 
reliability by minimizing software defects. Unit and
 
functional tests performed by developers ensure that a
 
software product has been validated and is ready for
 
release. The Web-based library system has passed the
 
system validation tests which consist of unit testing,
 
integration testing, and system testing. The tests are
 
discussed in the next three sections.
 
7.1 Unit Test Plan
 
Unit tests are performed on methods of the following
 
user-defined classes:
 
• Application subclasses of Struts Action class (Figure
 
6.8)
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• Application subclasses of Struts ActionForm and
 
ValidatorForm classes (Figure 6.9)
 
• Data Access Object classes (Figure 6.10)
 
• Transfer Object classes (Figure 6.11)
 
• Utility classes: AppStart and CustomRequestProcessor
 
classes
 
Simple methods such as getters and setters are verified by
 
inspection.
 
7.2 Integration Test Plan
 
Integration testing is performed after successfully
 
completing unit testing. The aim of integration testing is
 
to verify that software modules combine correctly [16].
 
Module interface defects can be detected during integration
 
testing.
 
Table 7.1. Integration Test Plan
 
Test Cases Test Actions Results 
Database • Install MySQL database server. Passed 
server 
• Start MySQL database server. 
deployment 
and new 
database 
• Run ptr.sql to create database tables 
and populates the tables with initial 
data. 
table 
creation • Execute SQL statements using MySQL 
client to test that the database 
server works properly. 
Struts Passed
• Install Tomcat servlet container.
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application • Put ptrPro (Struts application) in 
deployment Tomcat's webapps directory. 
• Start Tomcat servlet container. 
HTTP over • Enter http://rsenjaya.zapto.org/ptrPro Passed 
SSL 
Login • Enter http://rsenjaya.zapto.org/ptrPro Passed 
• Enter valid user name and password. 
• Logout. 
• Enter blank user name and password. 
• Enter invalid user name or password. 
Logout • Click on "Logout" link on the main Passed 
menu. 
7.3 System Test Plan
 
System testing is performed after successfully
 
completing integration testing. It is based on functional
 
tests carried out on a complete system. Functional tests
 
verify that all software functions conform to functional
 
requirement specification (see use case diagrams on Figures
 
6.1, 6.2, and 6.3). System testing also validates that the
 
system performs adequately. System tests were carried out
 
using a Web browser to access the Web-based library system.
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Table 7.2. System Authentication Functional Test Plan
 
Functions Test Actions Results
 
Login Passed
• Enter http://rsenjaya.zapto.org/ptrPro
 
• Enter valid user name and password.
 
• Logout.
 
• Enter blank user name and password.
 
• Enter invalid user name or password.
 
Passed
Logout • Click on "Logout" link on the main menu.
 
Table 7.3. Student Functional Test Plan
 
Functions Test Actions Results
 
Register • Click on "Sign up for an account" link Passed
 
as a new on the login page.
 
user 
• Fill in the new user registration form,
 
with valid and invalid data.
 
• Click on the "Sign Up" button.
 
• Click on "Sign up for an account" link
 
again and click on the "Back" button.
 
Passed
Edit user • Login with valid user name and password.
 
profile
 
• Select the "Edit User Profile" option
 
from the main menu.
 
• Edit the user profile using valid and
 
invalid data and click on the "Save"
 
button.
 
• Select the "Edit User Profile" again and
 
verify the modified information.
 
• Click on the "Back" button.
 
Search • Login with valid user name and password. Passed
 
and 
• Select the "Search Projects/Theses"
 
download
 option from the main menu.
 
projects/
 
• Select a required document type from the
 
theses
 drop down menu.
 
• Enter additional search criteria (author
 
name or document title) or leave blank.
 
• Click on the "Search" or "Back" button.
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Search
 
and
 
download
 
research
 
papers
 
Add
 
project/
 
thesis
 
Edit
 
project/
 
thesis
 
Delete
 
project/
 
Click on the page links to navigate
 
between search result pages.
 
Click on the "View" link to read
 
document description.
 
Click on the "Back" link on the document
 
description page.
 
Click on the "Download" link to download
 
the PDF file.
 
Login with valid user name and password.
 
Select the ^^Search Research Papers''
 
option from the main menu.
 
Enter search criteria (author name or
 
document title) or leave blank.
 
Click on the "Search" or "Back" button.
 
Click on the page links to navigate
 
between search result pages.
 
Click on the "View" link to read
 
document description.
 
Click on the "Back" link on the document
 
description page.
 
Click on the "Download" link to download
 
the PDF file.
 
Login with valid user name and password.
 
Select the Add Project/Thesis" option
 
from the main menu. Project/thesis
 
information should be deleted if there
 
is no ''''Add Project/Thesis" option on the
 
main menu.
 
Fill in the project/thesis information
 
form with valid and invalid data.
 
Click on the "Save" button.
 
Select the ^^Add Project/Thesis" option
 
again from the main menu and.click on
 
the "Back" button.
 
Login with valid user name and password.
 
Select the ''Edit Project/Thesis" option
 
from the main menu.
 
Edit the project/thesis information
 
using valid and invalid data and click
 
on the "Save" button.
 
Select the "Edit Project/Thesis" again
 
and verify the modified information.
 
Click on the "Back" button.
 
• Login with valid user name and password.
 
• Select the"Edit Project/Thesis" option
 
Passed
 
Passed
 
Passed
 
Passed
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thesis from the main menu.
 
Upload a
 
file .
 
Delete a
 
file
 
Add CSGI
 
coinmittee
 
members
 
Add non
 
CSCI
 
committee
 
members
 
Delete
 
committee
 
members
 
• Click on the "Delete" button.
 
• Click on the "OK" or "Cancel" button of
 
the delete confirmation.
 
• Login with valid user name and password.
 
• Select the "Upload A File" option from
 
the main menu.
 
• Click on the "Browse" button and select
 
a PDF file or a non PDF file.
 
• Click on the "Upload File" or "Back"
 
button.
 
• Login with valid user name and password.
 
• Select the "Upload A File" option from
 
the main menu.
 
• Click on the "Delete" link to delete an
 
existing PDF file.
 
• Click on the "OK" or "Cancel" button of
 
the delete confirmation.
 
• Login with valid user name and password.
 
• Select the "Manage Committee Members"
 
option from the main menu.
 
• Select a CSCX faculty committee member
 
from the drop down menu.
 
• Click on the "Save and Add Another" or
 
"Back" button.
 
• Login with valid user name and password.
 
• Select the "Manage Committee Members"
 
option from the main menu.
 
• Fill in the non CSCI faculty committee
 
member form with valid and invalid data.
 
• Click on the "Save and Add Another" or
 
"Back" button.
 
• Login with valid user name and password.
 
• Select the "Manage Committee Members"
 
option from the main menu.
 
• Click on the "Delete" link.
 
• Click on the "OK" or "Cancel" button of
 
the delete confirmation.
 
Passed
 
Passed
 
Passed
 
Passed
 
Passed
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Table 7.4. Faculty Functional Test Plan
 
Functions
 
Register
 
as a new
 
user
 
Edit user
 
profile
 
Search
 
and
 
download
 
projects/
 
theses
 
Search
 
and
 
download
 
research
 
papers
 
Test Actions
 
Click on "Sign up for an account" link
 
on the login page. '
 
Fill in the new user registration form
 
with valid and invalid data.
 
Click on the "Sign Up" button.
 
Click on "Sign up for an account" link
 
again and click on the "Back" button.
 
Login with valid user name and password.
 
Select the "Edit User Profile" option
 
from the main menu.
 
Edit the user profile using valid and
 
invalid data and click on the "Save"
 
button.
 
Select the "Edit User Profile" again and
 
verify the modified information.
 
Click on the "Back" button.
 
Login with valid user name and password.
 
Select the "Search Projects/Theses"
 
option from the main menu.
 
Select a required document type from the
 
drop down menu.
 
Enter additional search criteria (author
 
name or document title) or leave blank.
 
Click on the "Search" or "Back" button.
 
Click on the page links to navigate
 
between search result pages.
 
Click on the "View" link to read
 
document description.
 
Click on the "Back" link on the document
 
description page.
 
Click on the "Download" link to download
 
the PDF file.
 
Login with valid user name and password.
 
Select the "Search Research Papers"
 
option from the main menu.
 
Enter search criteria (author name or
 
document title) or leave blank.
 
Click on the "Search" or "Back" button.
 
Click on the page links to navigate
 
between search result pages.
 
Click on the "View" link to read
 
document description.
 
Results
 
Passed
 
Passed
 
Passed
 
Passed
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Add
 
research
 
papers
 
Edit
 
research
 
papers
 
Delete
 
research
 
papers
 
Upload a
 
file
 
Delete a
 
file
 
• Click on the "Back" link on the document
 
description page.
 
• Click on the "Download" link to download
 
the PDF file.
 
• Login With valid user name and password.
 
• Select the "Manage Research Papers"
 
option from the main menu.
 
• Click on the "Add Research Paper"
 
button.
 
• Fill in the ^research paper information
 
form with valid and invalid data.
 
• Click on the "Save" or "Back" button.
 
• Click on the "Add Research Paper" button
 
again to add another research paper.
 
• Login With valid user name and password.
 
• Select the "Manage Research Papers"
 
option from the main menu.
 
• Click on the "View/Edit" link.
 
• Edit the research paper information
 
using valid and invalid data and click
 
on the "Save" button.
 
• Click on the "View/Edit" link again to
 
verify the modified information.
 
• Click on the "Back" button.
 
• Login with valid user name and password.
 
• Select the "Manage Research Papers"
 
option from the main menu.
 
• Click on the "Delete" link.
 
• Click on the "OK" or "Cancel" button of
 
the delete confirmation message.
 
• Login with valid user name and password.
 
• Select the "Manage Research Papers"
 
option from the main menu.
 
• Click on the "File Upload" link.
 
• Click on the "Browse" button and select
 
a PDF file or a non PDF file.
 
• Click on the "Upload File" or "Back"
 
button.
 
• Login with valid user name and password.
 
• Select the "Manage Research Papers"
 
option from the main menu.
 
• Click on the "File Upload" link.
 
• Click on the "Delete" link to delete an
 
existing PDF file.
 
Passed
 
Passed
 
Passed
 
Passed
 
Passed
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 • Click on the "OK" or "Cancel" button of
 
the delete confirmation message.
 
Table 7.5. User Administrator Functional Test Plan
 
Results
 
Passed
 
Passed
 
Passed
 
Functions
 
Edit user
 
profile
 
Search
 
and
 
download
 
projects/
 
theses
 
Search
 
and
 
download
 
research
 
papers
 
Test Actions
 
Login with valid user name and password.
 
Select the "Edit User Profile" option
 
from the main menu. ,
 
Edit the user profile using valid and
 
invalid data and click on the "Save"
 
button.
 
Select the "Edit User Profile" again and
 
verify the modified information.
 
Click on the "Back" button.
 
Login with valid user name and password.
 
Select the "Search Projects/Theses"
 
option from the main menu,
 
select a required document type from the
 
drop down menu.
 
Enter additional search criteria (author
 
name or document title) or leave blank.
 
Click on the "Search" or "Back" button.
 
Click on the page links to navigate
 
between search result pages.
 
Click on the "View" link to read
 
document description.
 
Click on the "Back" link on the document
 
description page.
 
Click on the "Download" link to download
 
the PDF file. . .
 
Login with valid user name and password.
 
Select the "Search Research Papers"
 
option from the main menu.
 
Enter search criteria (author name or
 
document title) or leave blank.
 
Click on the "Search" or "Back" button.
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 Search
 
and
 
delete
 
users
 
• Click on the page links to navigate
 
between search result pages.
 
Click on the "View" link to read
 
document description.
 
Click on the "Back" link on the document
 
description page.
 
Click on the "Download" link to download
 
the PDF file.
 
Login with valid user name and password. Passed
 
Select the "Search Users" option from
 
the main menu.
 
Select a required user type from the
 
drop down menu.
 
Enter additional search criteria (User
 
name or name) or leave blank.
 
Click on the "Search" or "Back" button.
 
Click on the page links to navigate
 
between search result pages.
 
Click on the "Delete" link to delete a
 
user.
 
Click on the "OK" or "Cancel" button of
 
the delete confirmation message.
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CHAPTER EIGHT
 
CONCLUSION AND FUTURE DIRECTIONS
 
8.1 Conclusion
 
The software product of this project is a user
 
friendly, reliable, and industrial-strength Web-based .
 
library for student projects/theses and faculty research
 
papers. The product was developed using the Jakarta Struts
 
framework and iBATlS Data Mapper framework from Apache
 
Software Foundation, JSP, servlet, and MySQL database in
 
accordance with Model-View-Controller design pattern. The
 
Web-based library can be accessed quickly and efficiently
 
at anytime from anywhere. The Web-based library does not
 
need specific hardware interfaces. The only requirement is
 
a server with a network card connected to the Internet.
 
Users who have Linux, Macintosh, or Windows machines with
 
Web browsers such as Mozilla's Firefox and Internet
 
connections are able to access this Web-based library to
 
upload and share their PDF projects/theses and research
 
papers with other users. This Web-based library provides
 
paperless document collections, and it enables the
 
Department of Computer Science at CSUSB to manage student
 
projects/theses and faculty research papers efficiently.
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8.2 Future Directions
 
The Web-based Library for Student Projects/Theses and
 
Faculty Research Papers needs some improvements. Project
 
advisor and committee members have given several
 
recommendations to improve the system.
 
8.2.1 Java and Structured Query Language Codes to Access
 
and Manipulate the Database •
 
A research paper may have several co-authors.
 
Although the relationship between faculty member and
 
research paper entities in the database design and
 
implementation is many-to-many (a faculty member can author
 
many research papers and a research paper can be authored
 
by many faculty members), current design and implementation
 
of Java and SQL codes which access and manipulate the
 
database allow only one-to-many relationship between
 
faculty member and research paper entities. Thus, the
 
current implementation causes multiple copies of the same
 
PDF file being stored in the file system. In order to
 
address this issue, the Java and SQL codes should be
 
modified to fully utilize the many-to-many relationship
 
between faculty member and research paper entities in the
 
database design and implementation; so that, only one copy
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of the PDF file should be stored in the file system for
 
system efficiency.
 
8.2.2 View/Edit Function Separation
 
The View/Edit function should be separated into two
 
individual functions. Separation of the View/Edit function
 
is intended to create more user friendly user interfaces.
 
8.2.3 Security and Password
 
To enhance security of the system, user passwords
 
stored in database should be encrypted. Also, an automated
 
module to reset or retrieve lost or forgotten passwords and
 
user names should be designed and implemented.
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APPENDIX
 
JAVASERVER PAGES STANDARD TAG LIBRARY CORE TAG
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JSTL core tag provides basic functionality required to
 
create functional JSP pages. JSTL core tag functions are
 
described by Sun Microsystems JSTL 1.1 Specification
 
Maintenance Release as follows [17]:
 
<c:out>
 
Evaluates an expression and outputs the result of the
 
evaluation to the current JspWriter object.
 
Syntax
 
Syntax 1: Without a body
 
<c:out value="value" [escapeXml="{true|false}"]
 
[default="defaultValue"] />
 
Syntax 2: With a body
 
<c:out value="value" [escapeXml="{true|false}"]>
 
default value
 
</c:out>
 
<c:set>
 
Sets the value of a scoped variable or a property of a
 
target object.
 
Syntax
 
Syntax 1: Set the value of a scoped variable using
 
attribute value
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<c:set value="value" var="varName"
 
[scope="{page|request|session|application}"]/>
 
Syntax 2: Set the value of a scoped variable using body
 
content
 
<c:set var="varName"
 
[scope="{page I request|session|application}"]>
 
body content
 
</c:set>
 
Syntax 3: Set a property of a target object using attribute
 
value
 
<c:set value="value" target="target"
 
\
 
property="propertyName"/>
 
Syntax 4: Set a property of a target object using body
 
content
 
<c:set target="target" property="propertyNarae">
 
body content
 
</c:set>
 
<c:remove>
 
Removes a scoped variable.
 
Syntax
 
<c:remove var="varName"
 
[scope="{page|request|session|application}"]/>
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<c:catch>
 
Catches a java.lang.Throwable thrown by any of its nested
 
actions.
 
Syntax
 
<c:catch [var="varName"]>
 
nested actions
 
</c:catch>
 
<c:if>
 
Evaluates its body content if the expression specified with
 
the test attribute is true.
 
Syntax
 
Syntax 1: Without body content
 
<c:if test="testCondition"
 
var="varName"
 
[scope="{page I request|session)application}"]/>
 
Syntax 2: With body content
 
<c:if test="testCondition"
 
[var="varName"]
 
[scope="{page I request I session I application}"]>
 
body content
 
</c:if>
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<c:choose>
 
Provides the context for mutually exclusive conditional
 
execution.
 
Syntax
 
<c:choose>
 
body content (<when> and <otherwise> subtags)
 
</c:choose>
 
<c:when>
 
Represents an alternative within a <c:choose> action.
 
Syntax
 
<c:when test="testCondition">
 
body content
 
</c:when>
 
<c:otherwlse>
 
Represents the last alternative within a <c:choose> action,
 
Syntax
 
<c:otherwise>
 
conditional block
 
</c:otherwise>
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<c:forEach>
 
Repeats its nested body content over a collection of
 
objects, or repeats it a fixed number of times.
 
Syntax
 
Syntax 1: Iterate over a collection of objects
 
<c:forEach[var="varName"] items="collection"
 
[varStatus="varStatusName"]
 
[begin="begin"] [end="end"] [step="step"]>
 
body content
 
</c:forEach>
 
Syntax 2: Iterate a fixed number of times
 
<c:forEach [var="varName"]
 
[varStatus="varStatusName"]
 
begin="begin" end="end" [step="step"]>
 
body content
 
</c:forEach>
 
<c:forTokens>
 
Iterates over tokens, separated by the supplied delimiters,
 
Syntax
 
<c:forTokens items="stringOfTokens" delims="delimiters"
 
[var="varName"]
 
[varStatus="varStatusName"]
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[begin="begin"] [end="end"] [step="step"]>
 
body content
 
</c:forTokens>
 
<c:import>
 
Imports the content of a URL-based resource.
 
Syntax
 
Syntax 1: Resource content inlined or exported as a String
 
object
 
<c:import url="url" [context="context"]
 
[var="varName"]
 
[scope="{page|request|session|application}"]
 
[charEncoding="charEncoding"l>
 
optional body content for <c:param> subtags
 
</c:import>
 
Syntax 2: Resource content exported as a Reader object
 
<c:import url="url" [context="context"]
 
varReader="varReaderName"
 
[charEncoding="charEncoding"]>
 
body content where varReader is consumed by another action
 
</c:import>
 
<c:'url>
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Builds a URL with the proper rewriting rules applied.
 
Syntax
 
Syntax 1: Without body content
 
<c:url value="value" [context="context"]
 
[var="varName"]
 
[scope="{page|request|session|application}"]/>
 
Syntax 2: With body content to specify query string
 
parameters
 
<c:url value="value" [context="context"]
 
[var="varName"]
 
[scope="{page|request|session|application}"]>
 
<c:param> subtags
 
</c:url>
 
<c:redirect>
 
Sends an HTTP redirect to the client.
 
Syntax
 
Syntax 1: Without body content
 
<c:redirect url="value" [context="context"]/>
 
Syntax 2: With body content to specify query string
 
parameters
 
<c:redirect url="value" [context="context"]/>
 
<c:param> subtags
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</c:redirect>
 
<c:parain>
 
Adds request parameters to a URL. Nested action of
 
<c:import>, <c:url>, <c:redirect>.
 
Syntax
 
Syntax 1: Parameter value specified in attribute "value'
 
<c:param name="name" value="value"/>
 
Syntax 2: Parameter value specified in the body content
 
<c:param name="name">
 
parameter value
 
</c;param>
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